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Preiace

This is the secord interim report published by the U. S. Army agi-
neer Waterways Experiment Steticn on the study, }loods Resulting frcu sud-
denly Breached Dams; it describes briefly the test procedures and summa-
rizes the test results obtained from breaching (to various degrees)
simulated dams that were situated at mid-length of 2 kCO-£t flume. For
these tests, artificial roughness was added to the sides »nd bottom of &tnz
flume to achieve a high resistacce to iicw.

The tests reported herein were conducted during the period July to
December 1958, under the general super -ision of Messrs. E. ¥. Fortsorn, Jr.,
and F. R. Brown. Mr. G. L. Arbuthnot, Jr., assisted by Mr. J. N. Strange,
was directly in charge of the study. Operabion of bhe modeli, data analysis,
and correlation of the test results were wccomplished by the following per-
sonnel: SP-k T. Schmidgall, SP-I N. J. Ferrell, SP-5 R. P. Andrew, Mr. S.
H. Halper, and Mr. G. A. Wilkerson. This report was prepared by SP-h
Schmidgall and Mr. Strange.

The consultative services of Drs. G. H. Keulegan, R. F. Dressler,

H. Rouse, and A. T. Ippen, and Messrs. R. L. Irwin and F. B. Barkalow are
gratefully acknowledged.

Colonels A. P. Rollins, Jr., CE, and Edmund H. Lang, CE, were Direc-
tors of the Waterways Experiment Station during the testing phase and
during the prepasration of this report. Mr. J. B. Tiffany was Technical

Director.
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Discharge at dam, cu ft/sec

Discharge

discharge, cu ft/sea

zt station ucwnstream ¢f dam, cu

Maximum discharge at dam, cu £/sec

Timre after breach, sec

Arrivel time of negative or positive wave, s.¢
Velocity of Tlow (averaze), Ti/sec

Volume of reservoir ztuve breach level. cu It
idth of breach at original water curface, ft
Width of dem at original water surface, ft
Distance downstream frem dam, f£T

Distance upstream from dam, ft

Zepth of water, ft

Depth of water (stage) downstream from dam, fi

Tepth of water at the dam before breach, £t
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Tiee DUrmoce of tnic study, thw Second dealiny with floolis resuliisg
- -

from ~uddenly tresy d daxs, woo to [B0nin exgerimentally otec: ank d%--
shzrre Lydrorraphc ooth =t znd downstress of simaisted, suddenly Brecsc. 4
Iu=z. I Is plenmed to ute this Informatign, z2lony with €is resulis re-
sorted In £he first report o Liiu series, o publish a2 Jlnzd report which
will exterd current thecreflszl synroackes and wil) zlsc as.ess the relios-
oiiisy of aneiytical metheds whish have teen develczed tc nredict the cag-
pituds of dae=-breach flcods urder full-scale conditicns.

Ine experirental tests -rere conducied in the SLO0-fE-o- 7 rectenzuier

fluze zlrezdy describted in thz first remort. Alw-imes strizs weve added
to the fluze floor and sides to prev’ds 2 coasiderably rcou-her chennel then
that uced in the first series of tests (Mznnipg's "n® vari:i frem 0.0 for
a uniform depih of flow eaquel to 0.7 £€ to 0.12 for 2 uniforr depth of flow
gzl to Q.15 £t in the second serizs ¢ xwpared to o = 0.C02 in the first

series). An experimental program was conducted undsr condit:ions of zerc
ase ficw, involving O of tie 12 test cenditions used i.. the Tirst test
eries. Five test conditions, having the same breach oizes as in the first
test zeries, were tested using the same two base {lows used in the first
test series.

ey

As in the Tirst test series, observations of stage versus time were
made for each test condition at recording stations upsiream Trom the dem,
at the dam, and downstream from the dam. Velocity versus time observations
vere made at recording stations downstream from the dam. From these rec-
ords, discharge-time hydrcgraphs were calculated for flow through the
breach and at selected stations downstream.

Savesal zhanges made in the methods of obtaining test data proved
advantageous over the methods used previously in the first test series.

As a result of these tests, conciusions were reached regardirg the
maximum flow through a given breach, the maximum sta: » at the breach and
at stations downstream frcom the dam, ine propagation of the negative wave
up the reservoir, and the shape, vel~~ii}, and propagation of the rosi.ive
flood wave downstrecam for a channel of high resistance to flow. Thase
resuits are discussed in the narration aid are compared in ..y ~f %he aats
plots with the results previcusly reporied in the first veporct.

.

ix
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e S wem s S - . e .
1. TEe fizci-wove dwrere rogultins frem the d2livzzuie bDroz2eldinss of
r

. wenx : wen e -r 3 e, o S o & P
TOS LTINS 2O 222X LIS QUrlry S Lrll LEr o if de—onstrates 2 trezericuas
Focsyw v Sers AT N R 3 s iR T D e e o [ A aesessbng s LTS " rod wave Toané
ASETXUSLITE ECrSSS Jf 2 SUAALnEY rIiafisel, UNSINTIol.gd sooad Fave.,  rarii-

zent dirensicns of thase ariificzlls crazhed fleedc are given in teble 36.
and mazgnituie of sach £l

wzves ceuld te dewvelcred, it il rcssible to iaitiate counterceasures

Purpoce and Score of Investigation®

2. The purpose of this, the second series of mcdel tests on £ .ocds
resulting frcm suddenly breached dems, was to provide guantitative data for
éetermining the change in mzgnitude and character of the flood wave with
the rourhness of the chieanel substantially increased above that used in the
Tirst test series where n = J.C09. To acccmplish this purpose, stagz and
discharge hvdrographs were determined at selected stations above, at, and
below the breached model dam. Frcm interpretation of these data, an evalu-

ation of the flocd wave as a function of time was possible.

Adjustment and Calibration of Flume*

Revision of model dams

3. PBeczuse of the difficulty encountered in maintaining a watertight
seal at the dam during the first series of tzsus and also the difficulty of

maintaining true position of the remaining portions of the dam after breach,

% Tor a more detailed description of the history, purpose, scope, tcst fo-
cilities, and procedures, please refer to Report No. 1 (reference 15).




the &a= seating section wes redesigned. AXimree zogles and plates were
used o form 2 narzow groovad section acress the flu—e wifem &3 well as ud
the Zhu—e sides. A alumine-plate torgue, zilachsd €0 the umsiream face
T The dam, {itted s—cothly into the greove without altering the hydravlic
characisristics of the breach. PRig. 1 shows the section zaun the —edzi dex
used in siruleting 2 totel breach (recovel of ent:re dam, test conditi. ..
1.2). Oiher then for tke revision just described, the Test facilities éur-

= aye . . .__ 15%
ing this series of tests were the saze as for the first fest series.?

i

Fig. 1. Flume at sta 200 (location of simulated d:..)
showing roughness strips in pglace

Slope and aligmment of flume

k. Before the second test series was begun, the slope of the botitom

¥ Raised numerals refer to similarly numbered items in the List of
References.




ard aligrmen of the sidzweils were

ckecked. Ievels wzre faker at ko=
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intervels along tke entire lengtk of

the fla—= gt the bass of each side

i
¢
¥
|
|
t
1
j
i
j
i

wall ard along the center line. « g
Fericdic ckecks of the slogze ard

aligrent wWere continued durins the
testing orerations to ensure that =
*:

voth were within the permissible "

- et s . 15
toierances established previously.”” s

Calibration of roughness

5. The first series of ar )

i5

tests™ represented the smoothest |

flow conditions that were easily zt-

teinzble (Menning's n = 0.009). For
the tests reported hersin, rcughneaszs

was added to the bottcm and sides of

L14

the flume. After experimenting with

X5

several schemes of r-ughening the
flume, aluminum angles (3/4 by 3/4

in.) with one leg tacked t¢ the

0

o
» W2 .50 60 .30 .80.3010
Y

flune floor end side were found £0  py. 5 yarsation of Manning's n and
be acceptable. The other leg of the discharge with depth of flow
angle extended into the flow region, providing thr =sistance to flow. The
angles were cut and shaped from 22-gage aluminum sleets and were fastened
av €&~in. intervals across the bottem and 1 £t up es i fiume wall. Fig. 1

skois the roughness strips in place. Fig. 2 shows how the fluxe roug. ness
conditions of uniiorm flowj.

Test Conditions

Nenbase-flow tests

6. A review of the nonbase-flov test results obtained in the First
test series revealed that the two smallest partial width-full depth test




ta

aznditicns zngd the two sm2llesi partial depth-ful) widih test conditi~m
coudd ke cmitted without jecpardizin: or substzniizlly izereesing the value
of tte test results. Comsexuently “lese four test comiitions wzre cmitted
fro- the second iest series; the re=ainins eizht conditions zsc described
telgw. In the first colu=mn ¢f the tzbulation, the wrnole number refers

to tie test coniition (brezck pattern 2ni orientation), whick is tie

seme 2s similarly muctered tests of the first series, waile vhe deciinos

refers to the nuzber of the tesc series andfor the rouginezss condition.

nonbase-Flo7 Test Conditions

¥, B ¥, By

Te§{: Width of Lepth of T ¥ T X T
Condition lio. Breazch, ft Brezelk, ft o) a [e]
1.2 4.00 1.¢9 1.0D 1.950 1.00
2.2 2.5 by 1.60 3.00 0.6C
3.2 1.20 1.00 0.20 1.0 0.30
L.z 0.60 i.co 0.15 1.00 G.15
7.2 4.0 6.60 i.00 0.6o 0.60
8.2 k.co 0.30 1.00 0.30 0.30
11.2 2.h0 0.60 0.60 0.60 0.36
12.2 1.20 0.30 0.30 0,20 £.09

Base-flow tests

T. The base-flow test conditions including vase-flow disciharges for
the tests described in this report were the same as those used in the first
series, The added roughness, however, increased the vase-flow depth from
0.1 to 0.22 £t for the l.O-cu-ft-per-se: discharge and frcm 6.2 to 0.50
ft for the 3.07-cu-fi-per-sec dlscharge. The five base-fiow tost coads-
tions were therefore designated as follcws: 1.2(32), 1.2{%8), 2.2{32),
2.2(56), and 3.2(32). Fig. 3 pertains to test condition 3.2(32). Fig. 3a
shows the model dam in place (except for breach seclion). Note that space
is provided beneath the dam to permit passage of the base flow. The flow
conditions before breach are shown in fig. 3b, and those shortly after

breach in fig. 3e.
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Breach pattern for test condition 3.2 (32)




Coanges in Methods of Recording Stage Versus Time Data

8. The measurerents of stage versus time were ovtained in essen-
tially the scxe manper as in the first series of tests; however, several
innovations were adopted to improve and accelerate the data-recording proc-
ess. First, a standard set of recordirg stations along the fiume was
adopted for all test conditions, namely: stations 4C, 70, 100, 120, 1ko,
150, 160, 172, 180, 186, 1c0, 19k, 156, 198, 199, 200, 225. 280, ani 350.
Second, the number of rmotion picture cameras in operation during testing
was increased from four tc six. Witk this increase, cniv three or four
test runs were required to ccmolete testing of a given test condition.
Third, a standard designed staff gege was used for all stage measuremencs-
These gages were mcunted on individual +ooden beams which ressied on the
sidewalls of the flume, making them eas ly portablz from sta%ion to sta-
tion. Fourth, notches were cut through the sidcwalis of the flume zv the
stations farthest up-
stream from the dam in
order to place the cam-
eras nearer the staff

gages. The closer expo-

rate interpretation of
the stage records. Fig.
4 shows the improved
method of cemera station-
ir-. Finally, Kodachrome
coelor film was used :in
the camergs to p.ovide o
sharper dz=uir Lion ot

the water surface. This
reduced significantly

the time involved in

reading the film record

from each of the record-

Fig. b. Camera, staffs, and clock arrangement
for recording stage versus time ing stations.




Determining the Discherge-Time Eydrogrﬁggg

At the dem

9. Honbase-Ilow tests. The discharge-time hydrographs at the dam

vere computed in the same manner as for the first series of vests. Tuc
stege-time data (tables 1-8) were used to plot rescrvoir station-stage , .o-
“iies at selected times for each test condition. Plate 1 illustrates these
profiles for test condition 1.2. The area between the stage profile at
time t and the profile at t = 0 (before dbreach) when rultiplied by the
flume width dstermines the total outflow volume up uniil time t . Plate 7
is 2 plot of the toutal volume of suvilss = 2 function of time for test
condition 1.2. The discharge-time hydrographs were determinec. by numeri..
cally differentiating the volume-time curves.

10. Base-flcow tests. As in the nonbase-flow iests, the stage-time

data (tables 9-13) were used to plot station-stage profiles for selecied
times {plate 3) and then were converted to .olume of outflow versus time
curves as described in paragraph 9. Differentiating the volume of outflow
versus time curves gave discharge versus time data. In these tests, the
total volume of water flowing past the dam at any time was the sum of the
base-flow volume and the reservoir-outflow volume. Plate I shows the
corresponding reservoir-cutflow volume, the base-flow volume, and the sum
of these two, which is the total outflow past the dam for test condition
1.2(32).

Downstream from the dam

11. Discharge hydrographs for stations downstream from the dam were

determined from the relation,

&
i)

=
o>

The cross-sectional arca A was computed oy multiplying the stage

by the flume width. The average velocity v was ovbtained from the
surface velocity measurements which were made at sta 225, 280, and

350 for all test conditions. They were obtained by photographing and
measuring the traces made by confetti sprinkled over the water surface.

The camera, grid reference, and time. arrangement used to obtain




AT
[P Ao §

Fig. 5. Camera sebtup for determining the stage and discharge
hydrographs at stations downstream from the dam

simultaneously all pertirent measurements necessary for determining tle
discharge~time hydrograephs are sucwn iu fig. 5.

12. In the first sari~e of tests, the fiume roughnes: wa. velevwively
low and remained essentially constant wich variations ir tne depth of flow.
Consequently, the rotio of average velocity to thc surface velocity also
remained constant with variations in depth of flow. The flume roughness in
the second series of tests was highly sensitive to depth of flow. Hence;
the relation of average velocity to surface velocity was determined under

conditions of uniform flow for several depths of flow. The average
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Fig. 6. Surface and average Fig. T. Velocity correction
velocities as a funciion of factor as a function of
stzpe (uniform flow condi- stage (unifcrm flow condi-
tions) tions)

velocities were calculatved from the weir discharges and flow cross szections
using the relation v = Q/A . These velocities were then coumpared with the
surface velocities for corresponding stage and discharge settings. Fig. 6
shows the two velocity-stage curves so determined, and frcm these two
curves, a velocity ratio (average velocity/surface velocity) was determined
as a function of stage.

13. Fig. T is & plot of the velocity ratio versus stage. To apply
the correction factor, both the stage and surface velocity were delermined
for a given time, ¥+ . The average velocity used in computing the dischsrge

was then determwined from:

Average velocily = surface vel.rity X veleclty zatio

Inasmuch as the velocity ratio was esteblished under conditions of steady
flow, its use for computing discharge for actual tests (unsteady flow condi-
tions) may involve scme error. However, it is believed that the method pro-
vides a means of assessing the discharge at downstream stations to a satis-

factory degree of accuracy.




Test Results and Discussion

tage-time hydrographs,
nonbase~-flow tests

14. The stage-time data for all recording stations involved. in -he
nonbase-flow test conditions are presented in tables 1-0. €imilar data for
the base-flow tests are presented in tables 9-13. The stage-time hydro-
graphs for these same tests are shown in plates 5-56. Examination of the
stage-time data indicates that the minimum stage reccrded for any test was
0.06 ft. This is true because *r°: stage correspends to the top elevation
of the outstanding leg of the rcughness sirips; konce, for all practical
purposes, flow ceased for the nonbase-flow tests at a stage of 0.06 Tt.
Since after cach test water was impcundad by the roughness strips to a
depth egual to 0.06 ft, all nonbase-fluw tests werc performed under these
wet-flume conditions in order %o be consistent.

15. At the dam. The variatico in the depth of flow with time at the
dam (sta 200) for each breach condition tested is shown in plates 8, 12, 16,
20, 2k, 28, 32, and 36. As was true in the first test series, the scage at
the dam dropped immediately to approximately 0.5 ft when the entire dam was
removed (plate 8). Then as time increased, the stage (at sta 200) gradu-
ally decreased. These results verify the work of St. Venantl and
Schoklitschle who concluded that the depth of flow immediately after
removal of the entire dam will egual h/9 to 1/2 of its depth before removal.
From the stage-time hydrographs of the stations just upstream from the dam,
a small dip and recovery of stage immediately after the breach are aprarent.
A satisfactory explanation for this belavior was noiv ueveloped. It may be
the result of vertical velocity -umronenss irmediately upstream of the dam
seeking and reaching equilibrium after a momentary overshoot

16. Plates 57 and 58 illustrate the orfect of wul bweach 3ize on the
stage at the jam for various times after dam breach. Plate 57 illustrates
this effect Jor test conditions 1.2 through 4.2 which are partial width-
full depth breaches (D,/Y, = 1.0; Wp/Wy; £ 1.C), while plate 58 shows the
same effect for test conditions 1.2, 7.2, and 8.2 which are partial depth-
full width breaches (Db/YO 2 1.0; wb/wd = 1.0). Both of these plates com-

pare the results of this test seri~s witn those obtained in the first test
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series and indicate that tre larger the breach size, the more effective is
the roughness in slowing the rate £ decrease of depi’r at the dam as t
becomes increasingly large. For small values of t (let t approach
zero), there is little or no difference in stage levels at the dam betwveen
the first and second test series. This implies convincingly that f¢ siai-
lar breach coaditions the maximum stage immediately afcer treach is uninflu-
enced by rousghness effects so long as free flow exists, i.e. no tailwater
effect. Plates 57 and 58 may be used to estimate the stage at the dem as a
function of time after breach for any size of partial width-iull depth or
partial depth-full width breach.

17. Downstream from the dam. For the nonhsse-flov tests, the down-

stream hydrograph commenced with the arrival of the positive wave (£lood
wave) at the particular station being monitored. In general, the flood
wave was steep-fronted in shape and progressively decreased in depth with
time (no appreciable cscillations were noted in the flood-wave shape). For
every test condition, the maximum observed Jepth of the flood wave de-
creased as it moved downstream. Also, the time interval between the flood

wave's arrival and its peak stage continuelly increased with distance down-

0%

stream from the dsm. Fig. 8 is

|
-

SECOND YEST SERIES
i

a dimensionless plot of the

peak stoges vecorded at sta 390 o

. ) /
as a function of breach size

for both +he first and second
series of tests. The data fall

on three distinct curves which v, . ==
o1

represent the three breach re- "

gimes, viz. partial depth-full 1L 2 SR F

width, pactial width-full depth, ‘

and partial depth-partial width.
18. Alzthough tke data

for either test series are not ! 02 o e oo "o

altogether conclusive, there ex-

isys a rather definite trend for Fiz. 8. Dimensionless plot of maximum
downstream stage (sta 350) as a func-
tion of breach size {nonbase-flow

of stability by the time it has tests) and shape

the flood wave bto reach a degree
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traveled a distance downstreem zquivalent to approximately 100 Y, - The
information shown in fig. 8 cun ther-fore be used to es.:maie the height of
the maximum flood wave that might be expected at stations farther down-
stream {Xg 2 350). The figure also establishes approximate limits for the
maeximum depth of the flood wave for civerbeds whose slopes approximate
0.005. When roughness is very low (chanrel is smooth ani straight,, tkhe
maximum depth of the flood wave at considerable distancec downstream will
approximate 0.25 Y, ; when the chaunel exhibits considerable roughness, the
maximum stage will approximste 0.k Vo - These observations =pply when the
entire dem is removed instantaneously. Should the downsirear channel di-
verge yeb remain essentially straight, tne flood weve woulo likely be cnar-
acterized by a more gradual rise and would have a les.er meximum depth than
predicted. Conversely, should the chenrel converge and/or meander, the
flood wave would likely have a steeper iront and a sreater maximum depth
than might be predicted from the above results.

19 Cemparison of the nonbase-fiow stase-time hydrographs obtained
in these tests for stations downstream of the dam with those obtained in
the first series shows that: (a) the flood wave traveled downstream *.ader
conditions of supercri.icgl flow in the first serics and at suborit<ngl
flow in the second, (b) for the same breach size and at the same downstream
station, the peak stegec werc always preaier in the second series than in
the first, and (c) for the same breach size and et the same downstream sta-
tion, the Yength of time between the flood-wave arrival and the peak stage
was greater in the second test series than in the first.

Stage-~time hydrographs,
base -1V Tests

i ey - - 20. The delineatic: of

~—
\7»5’__’:4;"(5“ NN
YALONG RS 14

ﬂv>77> B gies igc M Mrsiegee in fig. 9.
hﬁhﬁ”’?ﬁh», The water-surface prefile for

TEATe N 2OC

various base-flew term. no .-

all test conditions prior to

Fig. 9. CSenematic diugram of actual breaching is defined

water-surface profiles, before . . , .

and after breach, for base- Ly AECFG. Likewise, the fi-
flov tect conditions nal water-surface profile for

full breaches is defined by
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AG and for partial breachez by ADEFG. The discharges used in the formetion
of the base flows were the same for both test series. The tabulation below
presents the discharges used and the respective base flow deptias for each

test series:

Base Flow RBase Flow Depih, ft
Discharge, cu ft/sec First Series Second Sevies
1.00 0.1 .32
3.07 0.2 0.56
21. At the dam. The influence oi’ the base flows on the stage-time

histories at the dam was notv gppreciabvle, as shown
and 55.

in plates 39, &3, L7, 51,
Generally the stage immediate.y aliler the breach vas about the
same as in the nonbase-flow tests. At later times, however, the stage at
the dam was, ac might be expected, greater than in the nonbuse-flow tests.

22.

flows downstream of the dam ere shown in plates 40, 4k, 48, 52, and S6.

Downstream from the dam. SCiage-time hydrographs for the base

The shape of the flood-weve front was similar to the olapes noted during
the nonbase-flow tests, i.e. a rather abrupt rise to the peak stage fol-

lowed by a gradual decrease in the depth of flow. With iucrease in down-

stream distance from the dam, stages decreased and the time interval be-

tween the flood-wave arrival and the pesk stage increased for every test

case, the

AlBo, iu wvery

flood-wave duration

i

was longer in the second test t

series than in the first. 06;/’)_,,;__< ;i
1

Fig. 10 shows, by dimension-
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at the dam for the nonbase-flow test conditions are shcwn in plates 59
and 60. The maximum discharges in 7“1 tests occurred z. the instant of
dam release. Comparison of these maximum discharges shows the effect
of breach size on the maximum discharge. The following fabnlation pra-
sents a comparison of the experimentally obtained peak discherges for
both the first and second test series with the values ottained usirg
Schoklitsch's equation,12

_8 3/2
Qax = 7 s JE Yo

The development of this eguation into a forin appliczble for' the type

breaches studied herein is given in Report 1.

Comparison of Maximum Discharges al “he Dam

(Nonbase-Flow Tests)

Test Maximum Discharge, cu ft/sec
Condition First Test Series Second Test Series Schoklitsch

1 6.50 6.41 6.72
2 ke, 5k h.11 .57
3 2.67 2.7 2.72
l 1. 70 1.5% 1.62
T 3.57 3.k2 3.70
8 1l.h2 1.43 1.65
11 2.52 2.52 2.52
12 C.56 0.63 0.67

The average deviation of the first test series data from the data computed
using the Sch~klitsch equation is about 4.7 per cent; the deviation of the
data of the second series from the Schoklitsch data is about 5.5 per cent.
These variances are small aad indicate that roughness has little or no
effect on the magnitude of the peak discharge which seems to be almost

entirely a function of breach size and shape.




24. Fig. 11 is a plot of
the maximum discharge at the dam
as a function of breach size for
the three breach regimes inves-
tigated. Frcm the curves pre-
sented, the approximate maximwn
discharge can be determined for
a veriety of breach patterns
other thai: for the specific pat-
terns tested. Since the valuss
of Quay Tor comparable test
conditions are essentially cgual
for the two test series, there
is very little difference be-
tween this curve and its equiva-

15

lent in the first report.’

Fig. 1l.
a furction of breach size and shape

Maximun discharge at the dam as

(nonbase-flow tests)

25. A more generally applicable plot, which relates in dimensionless

form the maximum uischarge at the dam to the breach size, is present.d in

fie, 12. The tabulat.on in paregraph 23 presents the dava from vwaich the

plot was made. The curve shown agrees with the data presented in the first

veport wud thersfore has the same empirical equation, namely:

1

“max

o

3/2
0.29 Vg W, DY (

| } ' i

RANGE QUOTED FOR MCHNE
- AND EOER EREACHES

 otteneied |
‘ r

Fig. 12. Dimensionless plot of the maximum

discharge at the dam as a fuaction of
breach size {nonbase-flow tests)

0.28

by L)

b

From this relation, the value
of the * w«umum discharge
issuing through a given bieach

can be ccomputed wrovided
Al 7
1.0 s (WSI-.D—°>§QO
b )
The accuracy of the prediction

will improve as the term

wd Yo
<"-!_ o \ approaches 1.0,
¥ -b L /
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since less experimental scatter was observed near this wvalue.

26. Plates 61 and 62 show in Aimensionless form tae relation of the
discharge-time hydrographs ncted at the dam for each test series and the
various test conditions. The plots reveal that the discharge at any given
time after breach is highly dependent on the elapsed time after brzech aad
the total volume in storage that lies above the breach level (V4b = 35..56
cu ft). In every case the curves of the second series initially lie below
those of tne first series. Eventually, the curves cross and the second
series curves lie above the first series results. Since ths total volume
of outflow is roughly equivalent in each test ceries fon comparable test
conditions, when allowances are made for the storage volure lost due to
water being impounded by the roughness strips, the areas beneath the curves
for comparsble test conditions are approximately equal. Integration of
these curves serves as a check on the validity of tne plotited discharge-
time hydrographs.

27. Base-flow tests. The discharce-time hydrographs at the dam for

each test condition are given in plate 63. The following tabulation com-

pares the meximum discharges at the dam for the various base-flow te: ¢

conditions.
Comperison of Maximum Discharges at the Dam
(Base~Flow Tests)
Iirst Test Series Second. Test Series
Maximum Maximum
Test Discharge¥* Test Discharge
Condition cu It/sec Condition cn ft,'sec
2.1(20) 5.7 1.2(32) 5,84
1.1(20) 7.8 3.2(56) 6.77
2.1(10) 5.0 2.2(32) L.64
2.1(20) 6.5 2.2(56) 5.85
3.1(10) 3.4 3.2(32) 3.27

¥ Obtained from plate 89, Report 1.
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Fig. 13 presents a plot cf

\

B 1
the maximum discharge at tne Co |
dam as a function of the P L —r—
) R I 1Lt
breach size an mp. R -
d compares | 1 /j///,//Zj:,””_ | S
these resultc with those of S A —4 -
! (-3
) , : Pz -
the first test series. The 3 it <
! 74 |
curves may be used to esti- i o ‘//Av//j ) ¢
v Y 1 !
mste the wmaximum discharse ; |
2
that would result from a vari- S
Lo I_* ‘i IR | —a— FIRET YEST SCRIES
ety of breaches having the ' X : i ] ' secone TET et
K i B
base flows indicated. Also, T T T " .- os L
~O (2
comparison of the curves dem- e
onstrates that greater maxi- Fig. 13. Maximam discharge at the dam as
a furction of treach size {base-flow

num discharges occurred in tests)
the first test series.

28. 1In spite of the added roughness to the flume bottom and sides,
ine time interval during which the discharge decreased from the observed
maximum to the base-flow discharge is not greatly different from the time
histories observed ir the first test series. The dimensionless plots in
plate 64 show a greater apparent difference; however, this difference is
accentugted by the fact that the V§b Ceri L> decreased from a storage
volume of 4CO cu £t in the first test series to approximately 350 cu £t in
the second series. Insufficient data exist upon which to hase a more elab-
orate iiterpretation of the base-flow results.

Discharge~-time nhydro-
graphs, dowvmstreem from dem

2). Honbase-flow tests. Plates (5-68 present both the velocity ‘time

and the discherge-time hydrogravhs at the three downstream stetions where
observations were obtained Jduring the nonbase-flow tests. “abi. ix gives
the velocity-time data for these tests.

3C. The maximum discharge attained by the flood wave decreased from
its peak at sta 200 to a lesser value at sta 350 in esch of the various
tests. The amount of this decrease was dependent upon the breach size; be-
tween ‘the breach section (sta 200) and sta 350, the meximum discharge of
the full-breach test decreased about T5 per cent. For the smellest breach
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(test condition 12.2), the decrease in maximum discharge over the same
range was approximately 30 per cent. Ty graphically integcating the
discharge-time hydrographs over the time range common to each test condi-
tion, the volume of flow past each of the observed downstream stations was
obtained. Allowing for the additional amount of water between the dum »»d
the obssrved station, these volumes were ccmpared with the total outflow
tnrough the given breach. Using this technique for computing total flow,
the average deviation of the downstream volumes when compared to the breach
outflow was 5.7 per cent (the maximum was 12.5 per cent). Considering the
scope of the test conditions, it Is Felit that th. rclotively ensll errors
that accrue justify the use of the vrocedures described in psragraphs
11-13.

31. Base-flow tests. Plates 69-T1 present botn the velocity-vime

and discharge-time hydrographs at the thr:e downstriemn staticas observed
for the various base-flow tests. Table 1f gives tac velecity-time data
for these teshs.

32. The velocity-time hydrographs for the downstream stations under
base-flow conditions are characterized by an increase in the velocity : oove
those ccmmon to the noniase-flow tests. However, the increase was ol short

duration, particularly for the 56 per cent (0.56-ft) base flows.

Upstream nepative wave

33. DNonbase-flow tests. The average arrival time of the negative

wave at variomns stations upstream from the dam for all the nonbase-flow
test conditions is shown in plate T72. The arrival times asscciated with
the first test series as well as the theoretical arrival time as given by
the equation % = -7..6 [(1 - 0.005 Xu)l/2 - 1] are wuziuded ulso for
~omparison. The development of this thecretical arrival-tinme eguation i.
given in paragraph 5% of the first report.l5 The average of the arrival
times from the second test series does not arreec with the “hescevscal
values as closely as did those of the first test series. Some varience
is to be expecced as the wave travels into the shallower depths where

it begins to be affected by the roughness along the bottom; however,

the sgreement is close enough to conclude that tane flume roughness has

little effect on the arrival time of the negative wave other than at

g
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the very upper end (shallow reaches) of the reservoir.

3%. Base-flow tests. The negative-wave arrivai wimes at various

upstream stations from the dam for the base-flow test conditicns are shown
in plate 73. As might te expected intuitively, this plate shows that the
irregular water surface caused by the base flow through the reservoir. withk
its atterdant downstream velocities, has a pronounced effect on tae .. paga-
tion rate of the negative wave. The plate also shows that the variations

in breach clze have little cffcet on the propagation of the negative wave
when the flume roughness and the base-flow discharge remain constant.

Downstream positive wave {fo0d wave )

35. Nonbase-flow tests. firace. 7% 76 show plots of “he flood-wave

arrival times from time of breach at three downstream stavicas. Plate Th
presents the data obtained from all the full depth-partial width breach
tests, plate 75 the full width.-partial depth test cesults, znd plate T6 the
partial width-partial depth test results. The nositive-wave arrival times
for comparable test conditions from the first test series are also shown in
each of these plates. Considering all the nonbase-flow tests in both test
series, the speed of propagation of the positive wave varies directly with
the initial discharge through the breach section and inversely with the
roughness of the flume. In every test condition, the velociuy of the posi-
tive wave gradually decreased as it moved downstream.

36. Base-flow tests. Plate 77 is a plot of the arrival time of the

positive wave at threc downstresm stations from the dam for the base-flow
tect conditions. The downstream propagation speed was affected directly
by the initial breach discharges and the velocity of the base flow (which
was itself affected inversely by the flume roughness). Similar to the
nonbace-flow west conditions, the positive-wave velocities of the base-fiow

tests gradually decreased as the wave progressed downstream.

Conclusicus

Improvements in test procedure

37. TFive major changes, listed in paragraph 8, were incorporated in

the methods of obtaining test data in the second series of tests. All of




these rhanges were helpful in improving the efficiency of carryiug ouv the
model tests.

Stage~time measursments

38. At the dam. As in the first series of tests, the stage at the
dam for the full-breach test dropped immediately to essentielly one-holf
the prebreach depth, which agrees with the findings of St. V'enantl TR
Schoklitsch.

depth on the outflow depth for the two test series. Both of these plates

Plates ST and 58 compare the effects of breach width and

show thas the larger the breach size, the greater is the effect of flume
roughness on the maximum stege observed at the dam.

39. The influence of the base 1i.we o the stage-time histories at
the dam was not significant, since the stage immediately after the bdreach
was about the same as in the nonbase-flow tests. At later times, however,
the stages at the dam were, as might bc expected, greater than those in
the nenbase-flow tests.

ko. Downstream from the dam. The muximum observed depth at the

recording stzticn facthest downstream from the dam was considerably greater
in the second test series than in the first for comparable test conditvions.
This increase in depth varied from €0 per cent when the entire dam was re-
moved to as much as 150 per cent for the smaller breach conditions.

b1, From these results one moy conclude that wheu an entire dam is
removed instanteneously, the maximum depth likely to be encountered at
large distances downstream frem the dam (Xd > 350) will be about YO/E for
rough channels and about Yo/h for smooth chennels. These observations
apply only to those cases wherein the channel slope approximetes 0.005
and where the channel is relavively straight and of .~miform i..dth.

k2, Ghe base-flcow tests revealed a substantial increase in the
maximum ctage as compared to Lnose in the first test series. AL sin 3w,
maximum stages twu TO tniec viwes as great were observed (sce U 3. 10j.
At later times in the hydrograph, this same trend is apparent. The
greater depths of flow are attributed to the cubstantial increase in
roughness, the effect of which becomes increasingly pronounced as the
stage decreases.
Discharge-time measurements

43. At the dam. Results of ihe second test series show thet
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roughness had little or no effect on the meximum discharge at the dam,
which seems to be entirely a funct:on of the breach si < zand chape. Hence,

the empirical eguaticn

0.28
1% Y
0. 2 & . o
Qpay = 0-29 Ve W, 07 <wb b, /

developed in the first test series is equally applicable to the sezond
series. The decay of discharge with time for nonbase-Tlow conditions is
obtainable freom plates 61 and 62. Similarly, the varistion of discharge
with time for the buse-flow tests wey be obbaived froa ulate 6.

L. Downstream from the dam. In all of the nonbase-flow tests of

the second test series, the maximum discharge decreased in magnitude with
increasing distance downstream from the dam. This trend, tiiough not con-
clusive, was implied in the haze-flow tests alsc  In each case, the amount

5 - ;.
of the decresse woc dereondexni on the breach siza.

Propagetion of the negative vave

45. A comparison of the negative-wave arrival times for all of the
nonbase-flow test cond.tions of the first and second test series indicates
that the negative-warse vropagation speed is independent of breach size or
reservoir roughness except near the upper end of the reservoir. A similar
compel isun of Lhe base-Lluw lesl resulls indicebles Lhial Lhe negallve-wave
propagation speed is definilely reduced by the base-flow velocity through
the reservoir.

Propagation of the downstream flood wave

46. Considering all the test conditions of bobh series of tests, no
average propagation speed could be deduced for the ~»sitive Jave because
the wave velocity vacied divectly with the initial discharge through e
breach secticn and inversely witn the flume roughness. TFor every cesi con-
dition the front velocity or the flocd wave gradually decrens . 335 tue

wave progressed downstream.

Applications to Prototype Situations

47. Exbrapolation of these results to prototype situations is

limited to those cases that are geometrically similar %o the conditicac
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tested in the model. Significant ceparture irom ithis limitation mey yreld
completely erroneous results ¢ i3 believed, however, that tnese results
may be applied to prototype situz".i... where the scale ratio (prototype to
model) is less then or equal tc 100. Qualiiative estimates of fleod param-
eters can be computed for scale ratios as high as perhaps 200. Procedures
for extrapolating these results (as well as those contained in the fi.

test series) will be the subject of a final report. In the Tinal rsport,
studies will be made to assess the possibility of interpreting these data
using distorted scaling procedures. With this tool, it will then be pos-
sible to evaluate floodflows from reservoirs of different shapes and out-

flow channels of different slopez

Reccumendation

8. TDuring the course of this study, "Floods Resulting frun Suddenly
Breached Dams,” several conferences were held between Waterways Experiment
Station personnel and outside consultants to evaluate the progress being
made and to formulate plans for a logical course of action in the future.
At this point it is not known conclusively, whether additional tests are
necessary to the analysis of the empirical data along the lines suggested
by analytical and theoretical studies that have been conducted or con-
tracted for by the Army Map Service, the agency assigned the responsibility
of developing means of evaluating quantitatively floods that are released
by the sudden breaching of any given dem. It is recommended that the re-
sults obtained during the first two test series be rigorously analyzed and
compared with theoretical solutions of tne dam-breach problem, and thau
recommendations for additional tests, il needed, come from the study heing

made by Army Mep Service.
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Results of Stage-Tize Mensurezents, Test Condition
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Results cf Stage-Tize Measurezents, Test Condition 7.2
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Resnlts of Stere-Tine Measuresents, Test Condition 8.2
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Results of Stage-Tize Msasurements, Test Condition 11.2
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Tedle 8
Results of Stoge~Time Measurezments, Test Condition 12.2
Tize, seconds Stage. fect
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Teble 9
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Table 20
Results of Stage-Time Measurezents, Test Condition 1.2(%6)
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Table 11
Results of Stage-Time Messure=ents, Seat Condition 2.2(32)
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Tuble 12
Resuits of Stage-Time Memsurements. Test Condition 2.2(55)
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Teble 13
Results of Stage-Time Measurements, Test Cenditicn 3.2(32)
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66  1.05 1.25 1.15 1.k0 1.k5 1.50 1.0¢ 1.15 1.25 1.35 1.50 1.5 1.10 1.15 1.05
70  1.00 1..25 1.15 1.ko 1.4%0 1.50 0.9% 1.10 1.25 1.45 1.50 1.50 1.05 1.15 L.15
80 1.00 1.15 1.15 1.0 1.50 1.50 0.90 1.10 1.20 1.k5 1.50 1.5C 1.05 1.10 1.15
90 0.9 1,10 1..15 1.ko 1.h0 1.50 0.87 1.05 1.20 1,45 1.50 1.50 1.00 1..5 1l.15
100 0.93 1.05 1.10 -=== =me= 1,50 cmmm cmee cmme mdme emee mmem eeee cmas ————
105  =mac mmee mmme mmae mmee emee 08k 0,99 2,10 155 1.B5 1.50 0.99 1.05 1.10
110 0.88 1.00 1. LU0 1.0 1B ceee oo oo edee e mmee e e aeee
120 0.8 0.97 1.ko 1.50 1.h5 0.82 0.96 1.10 1.k5 1.5 1.k5 0.91 0.99 1.05
130 0.8% 0.9% 1. mmes mmmm mmee mmme cmme cmme mcmm cme seae eees e meee
Lo 0.82 0.90 T T
150 0.81 0.90 1.37 t.bo 1L.bc 0.81 0.87 0.99 L.ho 1.h0 140 0.82 0.9% 0.99
160 0.81 ---- memm mmme mmme smee cmmn amme esms seee mmae mmes mmme eee
170 0.81 o T s S TR S

1.37 1.37 1l.k¢ 0.79 0.82 0.87 1.k0 1.37 1.37 0.81 0.7 0.9%

3
CRPRPEO202 MK
L3500 2 o
BRII T LRB2]88B

1

]

'

[]

1

)

[}

210 0.79 0.81 .37 1.37 ¢.78 0.79 0.82 1,37 1.37 1.37 0.81 0.81 .90
250 0.78 0.79 O. 1.37 1.37 0.78 0.78 0.81 1.37 1.37 1l.37 0.79 0.81 0.85
270 0.78 ---- 0. ==~ 0.78 0.78 0.79 0.79 0.79 0.82
00 0.78 0.78 0. 1.37 0.78 0.78 0.78 0.79 L. 0.79
360 0.78 0. 0.78 .78 0.78 0.78
k20 0.78 .78 0.78 2.718

* Velocity in feet per second.
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